The present work aimed to evaluate the behavior of glyphosate herbicide in aquatic environment, considering some water quality parameters, in reservoir conditions without flow and without replacement of evapotranspired water. Twenty reservoirs (polyethylene water tanks) with a storage capacity of 1000 liters were used. The recommended herbicide dose according to the manufacturer was 7.0 L or 3360 grams of acid equivalent per hectare. For application in the reservoirs, a precision equipment was used to carbon dioxide (CO 2 ), providing a flow of 200 L•ha −1 . Freezing macrophyte death was achieved by storing the plants in a freezer at −18˚C for a period of 48 hours. The analyses of control efficiency were performed at 7, 14, 21, 28, 35 and 42 days after application (DAA). Water samples for analysis of quality indicators, pH and dissolved oxygen were collected weekly for nine weeks. The obtained result allows concluding that the herbicide glyphosate presented excellent control efficiency of water hyacinth and did not significantly alter the water quality parameters pH and dissolved oxygen, indicating its use in the management of this macrophyte. Journal of Water Resource and Protection the Amazon and has dispersed very rapidly in various tropical and subtropical countries in Latin America and the Caribbean, Africa, Southeast Asia and the Pacific [1] [2]. The water hyacinth, in the condition of weeds, causes damage to ecosystems, which may cause loss of biodiversity and may suppress or increase the presence of native species. It also causes losses to the generation of electric energy; navigation; water catchment; agricultural activity; fishing activity; public health; leisure and tourism and environment [3]-[10].
Introduction
The floating aquatic macrophyte Eichhornia crassipes is considered one of the biggest problems in the tropics and subtropics water bodies. It originates from How to cite this paper: Souza, E.L.C., Filho, J.T., Velini, E.D., Silva, J.R.M., Tonello, K.C., Foloni, L.L., Gonzalez, G.D.D., Barbosa The water hyacinth has a fast multiplication capacity, a large area of photosynthetic tissue in proportion to the plant length, a large capacity to occupy places with light incidence, as well as independence of substrate conditions due to water flow and plant location. Its explosive growth is largely due to the eutrophication of water bodies and also the absence of natural enemies of the plant contributes to its rapid growth [2] [11] .
Thus, the management or control of aquatic macrophytes becomes necessary to minimize interference in the biotic balance or multiple uses of the water environment. Among the methods considered for this purpose, chemical control is the one that has been used the most in different places in the world [12] .
The most widely used herbicides worldwide for aquatic macrophyte control are: 2,4-D; diquat; endothal, copper based compound; fluridone; imazapyr and glyphosate. It also highlights that, in Brazil, the most used are glyphosate and 2,4-D [13] .
Several studies point to the high efficiency of glyphosate control in water hyacinth management [14] [15] [16] [17] [18] . As for the behavior of the herbicide in the aquatic environment, it undergoes photodegradation, microbial degradation, adsorption by particulate organic matter and suspended clays, dilution by tributaries contributions and half-life of a few hours to a few days [19] - [25] . However, given the possible risks that macrophyte control with herbicides may provide, this study aimed to evaluate the possible impacts caused by glyphosate application in the control of Eichhornia crassipes, in some water quality parameters, under reservoir conditions without water flow without replacement of the evapotranspired water.
Material and Methods
The study is developed in the Experimental Area of the Faculty of Agricultural Engineering/UNICAMP, during the months July 2018 to January 2019. Reservoirs of 1000 liters were placed, composing 5 treatments with 4 replications, totaling 20 experimental plots, with randomized block design.
In the reservoirs there was no replacement of evapotranspired water. Adult water hyacinth plants were used in the experiment, providing 90% of surface occupation on the reservoir.
Treatments
The reservoirs received water hyacinth plants controlled by glyphosate and Journal of Water Resource and Protection The applications were done with an initial temperature ranging from 22˚C to 24˚C, relative humidity between 60% and 70% and wind speed 0.5 to 2.0 km•h −1 .
The death of macrophyte by freezing was performed for a period of 24 hours, at −18˚C, with subsequent placement of the plants in their reservoirs.
Evaluations
Efficiency evaluations were performed visually at 7, 14, 21, 28, 35 and 42 days after application (DAA), using the percentage scale where 0 (zero) represents no control and 100, total control of plants [26] .
Water samples for analysis of quality, pH and dissolved oxygen indicators were collected before and weekly after application (total of nine weeks), in all treatments, in the morning, always at the same time, between 8 and 09 H. The collection depth was performed between 15 -20 cm below the water depth, and the samples were identified and stored in 500 mL plastic containers. The results were submitted to analysis of variance and Tukey test, considering a level of 5% of significance, using the statistical program Sisvar.
Results and Discussion

Efficiency of Glyphosate Control over Water Hyacinth
The data summarized in Figure 1 show the mean percentage of glyphosate and freezing control level on water hyacinth (Eichhornia crassipes) in the assessments performed on the 7 th , 14 th , 21 st , 28 th , 35 th and 64 th Day After Application (DAA). The analysis of variance and Tukey test for the respective results are presented in Table 1 .
The values found for freeze control show excellent control during all evaluations performed. Comparing with the control treatment with the herbicide, it was observed that there were no statistical differences from 21 DAA. However, it was observed that throughout the evaluated period, there was no total death of the plants, and in some tanks presented new sprouts of water hyacinth plants, causing the control efficiency to decrease from 28 DAA.
In the tanks where glyphosate herbicide was applied, the initial symptoms were yellowing of the leaves, followed by wilting and necrosis, with subsequent death of the plants.
According to the results obtained, glyphosate showed very good control over [15] and Foloni et al. [16] , performing chemical Journal of Water Resource and Protection control of aquatic plants in water tanks, among them, water hyacinth, obtained excellent glyphosate weed control, respectively, at 20 days and 28 days after treatment.
Cardoso et al. [28] , who studied the sensitivity of different hyacinth water ac- 
pH
The average values found of the water pH, with the respective statistical analyzes, in the different treatments in which the reservoirs were submitted, are expressed in Table 2 .
As can be observed, treatments that were not colonized by water hyacinth presented similar pH values, without statistical differences, in all evaluated weeks. The results show that the glyphosate herbicide does not alter the ionic hydrogen potential of water and are in agreement with those found by Martins et al. [30] , who evaluated the effects of water hyacinth management on water quality in mesocosms, found no differences for the pH parameter in the evaluated period. The results also corroborate with Guimarães, G.L. [31] , Ahmed et al. [32] , and Boyle, Terence P. [33] who, when evaluating the impact of macrophyte control using the 2.4D herbicide in mesocosm, found greater amplitudes of pH variations in mesocosms without macrophyte coverage. 6.45a 6.10a 6.14a 6.10a 5.87a 5.60a 5.66a 5.33a 5.15a 4.37a 2 6.86b 6.67b 6.76b 6.76b 6.81b 6.84b 6.99b 7.05b 7.13b 6.79b 3 6.89b 6.74b 6.97b 6.91b 6.88b 6.76b 6.91b 6.81b 6. [30] , algae present in water can raise the pH through CO 2 assimilation in the photosynthesis process.
On the other hand, all reservoirs colonized with water hyacinth showed lower statistical values than those without colonization. Martins et al. [30] comment that due to the large volume of water hyacinth roots, the respiratory activity is intense, causing the water pH to be reduced in its presence.
Treatments controlled by freezing or glyphosate herbicide did not differ statistically, showing that the type of control, whether chemical or physical, results in similar pH.
The treatment that contained the presence of water hyacinth without herbicide application had the lowest pH values. In the work [30] the same observation was obtained. The authors suggest that due to the intense respiratory activity of the root system in carbon dioxide production and the interception of sunlight prevented photosynthesis, causing pH values to decrease.
Dissolved Oxygen
The average values of dissolved oxygen (mg•L −1 ) of the water with the respective statistical analyses found in the different treatments in which the reservoirs were submitted are expressed in Table 3 .
Throughout the experiment, reservoirs that were not colonized by water hyacinth had the highest values of dissolved oxygen and did not differ statistically from each other. Such observation is explained due to the absence of macrophyte coverage to facilitate oxygen diffusion processes at the water-atmosphere interface. Another factor in the water oxygenation process is algae that perform photosynthesis on the water column and increase the dissolved oxygen content [14] .
Still in the reservoirs without macrophytes and without glyphosate application occurred fast algae development, contributing to the high dissolved oxygen values in the water. The same occurred with Martins et al. [30] , who observed algae blooms in short periods of time. According to Schwegler, B.R. [35] cited by Martins et al. [30] , the presence of algae in high concentrations can increase the dissolved oxygen content in water.
Reservoirs with freezing or herbicide control obtained very low values during the studied period. The results corroborate with Souza, E.L.C. [36] who, evaluating the environmental impact of glyphosate use in water hyacinth control, found low values for the dissolved oxygen parameter. According to Guimarães, G.L.
[31] this fact can be explained by the increase in biochemical oxygen demand due to the process of death and degradation or decomposition of plants. As for reservoirs with plant and without control, the values were intermediate being between 4.3 and 6.2 mg•L −1 .
The application of glyphosate in water without the presence of water hyacinth did not promote any significant reduction of dissolved oxygen levels in the water, during the entire observation period, when compared to the control, treatment without water hyacinth and without herbicide. The results corroborate with Souza, E.L.C. [36] who observed the same effect under the same conditions evaluated. Glyphosate application did not affect dissolved oxygen contents either by water dissipation [21] or glyphosate degradation by microbial activity [22] [23] [37] [38].
Conclusions
The use of glyphosate applied directly on the water surface or on plants or in the control of water hyacinth did not significantly alter the parameters of water quality, pH and dissolved oxygen analyzed.
The data obtained in the present experiment with the use of glyphosate herbicide at the evaluated dose showed excellent efficiency in the control of water hyacinth, in agreement with previous studies.
